I. INTRODUCTION
T HE MPEG audio coding standard uses the dynamically windowed modified discrete cosine transform (MDCT) to achieve high quality performance. However, the direct computation of the MDCT in MPEG coding and the inverse MDCT (IMDCT) in MPEG decoding is a computationally intensive task. Therefore, efficient algorithms are of great importance.
Since the introduction of MDCT by Princen et al. [1] , many fast algorithms have been reported in the literature for computing the MDCT and IMDCT. Chiang and Liu [2] proposed a recursive algorithm, which can be implemented by parallel VLSI filters; this algorithm was further improved by Nikolajevic and Fettweis [3] . Fan et al. [4] developed two algorithms based, respectively, on type-II DCT and on the fast Hartley transform for performing the IMDCT quickly. Britanak and Rao [5] developed an efficient implementation of MDCT and IMDCT based on the -point type-II DCT and corresponding -point type-II DST. Lee [6] then suggested an improvement in the computation speed of this algorithm. Recently, a systematic approach for investigating the MDCT and IMDCT, using a matrix representation, has been presented by Cheng and Hsu [7] . Other recent works on this subject can be found in [8] and [9] . It is worth mentioning that the MDCT is equivalent to the modulated lapped transform introduced by Malvar [10] . Some of the existing algorithms dealt with data sequences whose length is a power of 2, but in layer III of MPEG-I and MPEG-II, the length of the data blocks is , so that the data sequence must be zero-padded. Since the layer III specifies two different MDCT block sizes: a long block and a short block , we present in this letter a radix-3 algorithm for efficiently computing the MDCT and IMDCT for data sequences with length , where is a positive integer. Such a strategy was recently adopted by Chan and Siu [11] in the fast computation of type-II DCT.
II. DERIVATION OF THE MDCT ALGORITHM

Letting
, , be an input data sequence, the MDCT of is defined as [1] (
Letting , where is a positive integer, we can realize the following three formulations to obtain the MDCT coefficients of instead of computing (1) directly.
A. Computation of
where (9) with , , and .
B. Computation of
Proceeding in a similar way as for , we obtain (11) with .
C. Computation of
(12) , and are all the -length MDCTs, the above discussion shows that the coefficients can be obtained from , , and , , with additions. Hence, we can calculate an -length MDCT via the computation of three -length MDCTs. Note that to obtain the sequences in (11) and in (13), four multiplications are required for each . However, when , we have , , . In this case, we can save three multiplications and five additions. Fig. 1 shows the flowgraph of the realization of 6-point MDCT.
The decomposition method described above is categorized as "decimation in frequency." Its computational complexity is given in both recursive and nonrecursive forms as follows: In the recursive method proposed by Nikolajevic and Fettweis [3] , the computational complexity for computing an -point MDCT is (17) Thus, our method appears more efficient than the recursive algorithm. We also compare our algorithm with the fast radix-2 algorithm presented in [5] for which the zero-padding is included. Table I lists the arithmetic operations needed by the two approaches for . It shows that these algorithms require about the same computational complexity in terms of the total number of arithmetic operations. However, for the radix-2 algorithm based on DCT/DST, the input sequence needs to be rearranged. Note that the proposed approach requires for , 28 multiplications and 52 additions, and for , 132 multiplications and 276 additions.
III. DERIVATION OF THE IMDCT ALGORITHM
The IMDCT is given by [1] (18)
To derive an efficient algorithm for fast computation of IMDCT, we further suppose is a multiple of 12, i.e., . Equation (20) (26) with .
A. Computation of
B. Computation of
We have (27) Proceeding with the computation of in a similar way as for , we obtain (28) with .
C. Computation of
We have (29) Since is a multiple of 12, i.e., , In the recursive method proposed by Nikolajevic and Fettweis [3] , the computational complexity for computing an -point IMDCT is (33)
The above discussion shows that the proposed method is more efficient than the recursive algorithm. Table II lists the computational complexity of the proposed algorithm and the fast radix-2 algorithm with zero-padding for computing the IMDCT. It shows that in most cases, the proposed method needs fewer arithmetic operations than the one required in the radix-2 algorithm.
IV. CONCLUSIONS
In this letter, we present a new radix-3 algorithm for computing the MDCT of a sequence with length and the IMDCT for a sequence of length . The computational complexity of the new radix-3 algorithm is lower than some existing algorithms. Notice that the combination of the proposed method with the existing algorithms provides more flexibility in the choice of the sequence lengths for which the fast computation of MDCT and IMDCT can be easily realized.
